T A B L E O F C O N T E N T S B A C K G R O U N D

Description of the condition
People with end-stage kidney disease (ESKD) require renal replacement therapy (RRT), either as dialysis or kidney transplantation. Most people prefer kidney transplantation over dialysis, because it is seen as generally prolonging their life and substantially improving its quality. It is estimated that each year 80,000 kidney transplants are performed around the world (Tong 2017). Despite the possibility of living donor kidney transplantation, organ demand far exceeds organ availability worldwide, and the number of patients listed for kidney transplantation continues to rise (ANZDATA 2016; Branger 2015; ERA-EDTA 2017; OPTN/SRTR 2012). In 2016, close to 100,000 people were waiting for a donor kidney in the USA alone.
Description of the intervention
Most transplant physicians consider pre-emptive transplantation -before dialysis initiation -the best option for the individual patient. First, it avoids the reduction in quality of life associated with dialysis (Howell 2012; Tong 2017). Second, several registry-based studies have suggested that indeed those receiving a donor kidney pre-emptively have better patient and graft survival than those being transplanted after having started dialysis (Abramowicz 2016). However, such observational data carry an important risk of bias.
In addition, the optimal timing of pre-emptive transplantation remains controversial and increased pre-emptive listing may increase the waiting time for those patients already established on dialysis. The rates of pre-emptive transplantation reported in these registrybased studies vary depending on the country and on the population. In studies of adults, the reported rates ranged between 2.3% in a US-based study (including both deceased and living donors) (Pradel 2008) to 22% in a study of transplantation in Australia and New Zealand (all from living donors) (Milton 2008) . In paediatric populations, the frequency of pre-emptive transplantation ranged between 14% for the Eurotransplant area (8% for cadaveric donors and 39% for living donors; The Eurotransplant area covers Austria, Belgium, Germany, Luxembourg, The Netherlands and Slovenia) (Cransberg 2006) to 28% in the USA (18% for cadaveric donors and 35% for living donors) (Butani 2011).
How the intervention might work
Chronic dialysis patients generally consider their quality of life to be substantially better after transplantation. Many are able to resume their professional activities, family and social lives improve, and energy levels increase (Howell 2012; Malone 2017; Tong 2017). In addition, dialysis requires creation of a vascular access, and often repeated interventions to maintain its function (Abramowicz 2016; Pradel 2008). The average survival after kidney transplantation is better than on dialysis. More than half the deaths among adults treated with dialysis are caused by cardiovascular disease; dialysis is often implicated as the main contributor (Foley 2005; Goodman 2000; Kutner 2012). Hence, avoiding dialysis altogether may explain why preemptive kidney transplant recipients live longer and possibly have better graft outcome too. For children, dialysis is associated with poor growth and impaired neurocognitive development (Butani 2011; Cransberg 2006 ). Yet, one could think of mechanisms causing a decrease rather than improvement in outcome. Patients who have experienced the hardships of dialysis may value transplantation more and adhere more closely to anti-rejection therapy (Cransberg 2000; Dobbels 2005; Pradel 2008). In addition, the earlier the transplant, the longer the exposure to immunosuppressive medications, with subsequent increased risk of infection and cancer (Butani 2011; Vajdic 2006; Webster 2007).
Why it is important to do this review
The ERA-EDTA Descartes working group and European Renal Best Practice (ERBP) conducted a systematic review in 2016 to assess whether pre-emptive kidney transplantation versus transplantation after having started dialysis improves outcomes for recipients of kidneys from living donors (Abramowicz 2016). The working group recommended that programmes for pre-emptive trans-plantation with living donor kidneys should be encouraged. Although they classified this recommendation as strong, they considered that the certainty of the evidence to be very low (Abramowicz 2016). Their review process identified only cohort studies, all registrybased and frequently relying on transplant registries. With transplant registries, the follow-up starts at transplantation and the period under dialysis is not accounted for. Consequently, there is differential follow-up between the group being transplanted preemptively, where start of treatment matches the start of followup, and the group being transplanted after having started dialysis, where follow-up starts after treatment onset. This results in lead-time bias (Hernan 2016). Moreover, people who receive a kidney pre-emptively tend to be healthier, less anaemic, and better fed; they have better residual kidney function, and fewer cardiovascular co-morbidities, resulting in selection bias, possibly explaining the seemingly improved results after transplantation (Abramowicz 2016; Cransberg 2000; Goldfarb-Rumyantzev 2005; Kutner 2012). Therefore, the current review aims to identify and assess the methods used to address the potential benefit of pre-emptive kidney transplantation and the quality of evidence provided for decision making to highlight limitations in the approaches currently used. The ultimate aim of our review is to determine whether the individual patient with ESKD set to undergo transplantation benefits from being transplanted before dialysis is initiated. It will expand the scope of the review conducted by the ERA-EDTA Descartes working group and ERBP in order to include both living and deceased donors, as both scenarios are encountered in daily practice. Even if the individual benefits from pre-emptive kidney transplantation, we acknowledge there may be barriers for implementation of this strategy within the societal context of organ shortage; further research will be needed to assess the effect that such a change may have for the waiting list and how to optimise current allocation algorithms to safeguard equity. This is beyond the scope of this review.
O B J E C T I V E S
This review aims to look at the benefits and harms of pre-emptive kidney transplantation compared with kidney transplantation after dialysis for patients with ESKD.
Eligible for the review are all randomised controlled trials (RCTs), quasi-RCTs (RCTs in which allocation to treatment was obtained by alternation, use of alternate medical records, date of birth or other predictable methods) and cohort studies that compared preemptive kidney transplantation with transplantation after having started dialysis in people eligible for transplantation. Although we are aiming to include RCTs, we do not expect them to exist. The choice between pre-emptive transplantation and transplantation after having started dialysis is mainly driven by the local allocation algorithm, in case of deceased donation, which considers factors such as time on the waiting list. For living donation, scheduling of the procedure depends on the time required to assess suitability of potential living donors. A recipient with a suitable donor already identified would probably prefer to undergo transplantation instead of giving consent for a trial that could delay the procedure. This makes it unlikely that RCTs will have been performed. In addition, the systematic review by the ERA-EDTA Descartes working group and ERBP only identified observational studies. We will only include studies published after 1990, as we consider earlier studies to be outdated in terms of current practice in surgical techniques and immunosuppressive therapy (Abramowicz 2016). There will be no restrictions regarding the language of the study.
Types of participants Inclusion criteria
All people of any age (both children and adults) eligible for kidney transplantation, regardless of underlying kidney disease, of type of dialysis received, if any, or whether they have history of previous kidney transplantation. We anticipate a wide variation of patients considered suitable for transplant depending on local centre policy.
Exclusion criteria
Patients eligible for, or with a history of, organ transplantation other than kidney.
Types of interventions Intervention
Pre-emptive kidney transplantation: transplantation before having started chronic haemodialysis (HD) or peritoneal dialysis (PD), as defined by the authors. No restriction will be made regarding the baseline GFR at transplantation.
Comparator
Transplantation after having started chronic HD or PD. There will be no restrictions on dialysis modality (home HD, in-centre HD, night-time, daily) or duration of dialysis (dialysis vintage). Even though both living and deceased donors will be included, the comparison will be performed separately for each donor type. No restriction will be made for donors with brain death or circulatory death.
Types of outcome measures
The domain and outcomes selected follow the core outcome set for kidney transplantation as specified by the Standardised Outcomes in Nephrology for transplantation (SONG-Tx) (SONG 2017).
Primary outcomes
Death (all causes) for the follow-up available in the study and point estimates at one, five and 10 years after transplant. Table 1 shows the secondary outcomes. There are likely to be some studies in which graft failure is defined as return to dialysis or re-transplantation and others that consider it to be a composite outcome that includes both these events and death. For those studies that do not consider death as graft failure, graft failure and death are competing risks. Whenever possible both death-censored graft survival and graft failure including death will be provided.
Search methods for identification of studies
Electronic searches
We will search the Cochrane Kidney and Transplant Specialised Register through contact with the Information Specialist using search terms relevant to this review. The Specialised Register contains studies identified from the following sources: 2. Letters seeking information about unpublished or incomplete trials to investigators known to be involved in previous studies.
Data collection and analysis
Selection of studies
The search strategy described will be used to obtain titles and abstracts of studies that may be relevant to the review. The titles and abstracts will be screened independently by two authors, who will discard studies that are not applicable; however studies and reviews that might include relevant data or information on trials will be retained initially. Two authors will independently assess retrieved abstracts and, if necessary the full text, of these studies to determine which studies satisfy the inclusion criteria.
Data extraction and management
Data extraction will be carried out independently by two authors using standardized data extraction forms. Studies reported in non-English language journals will be translated before assessment. Where more than one publication of one study exists, reports will be grouped together and the publication with the most complete data will be used in the analyses. Where relevant outcomes are only published in earlier versions these data will be used. Any discrepancy between published versions will be highlighted.
Assessment of risk of bias in included studies
Randomised studies
The following items will be independently assessed by two authors using the risk of bias assessment tool (Higgins 2011) (see Appendix 2).
• Was there adequate sequence generation (selection bias)?
• Was allocation adequately concealed (selection bias)?
• Was knowledge of the allocated interventions adequately prevented during the study?
• Participants and personnel (performance bias) • Outcome assessors (detection bias) • Were incomplete outcome data adequately addressed (attrition bias)?
• Are reports of the study free of suggestion of selective outcome reporting (reporting bias)?
• Was the study apparently free of other problems that could put it at a risk of bias?
Non-randomised studies
Non-randomised studies will be assessed using the Risk of Bias in Non-Randomised Studies of Interventions (ROBINS-I) tool (Sterne 2016a). The tool assesses risk of bias in 7 domains (confounding, selection into the study, classification of interventions, deviations from intended interventions, missing data, measurement of outcomes, and selection of the reported result) according to signalling questions that encompass issues before, during and after the intervention (Sterne 2016a) (see Appendix 3). To apply the tool, a target hypothetical trial is specified against which the non-randomised study is compared. An ideal hypothetical RCT for this review is a clinical trial that randomises patients eligible for kidney transplantation to either pre-emptive transplantation or to a period of dialysis (haemodialysis or peritoneal dialysis at the discretion of the treating clinician) followed by transplantation; and then follows patients from randomisation. Periodic data regarding kidney function, graft failure and death would be recorded. Data analysis would be conducted according to intention-to-treat principles. Two of the domains of ROBINS-I require pre-specification of important confounders and co-interventions. The confounders and co-interventions that we consider to be both potentially related to the intervention and are prognostic for mortality are listed in 
HLA -human leukocyte antigen
To apply the ROBINS-I tool, two authors will independently answer the signalling questions to grade each of the seven domains and give an overall risk of bias for each study (Sterne 2016a) (see Appendix 3). Any disagreements will be discussed to reach a consensus and a third author will be consulted if necessary. The bias assessment for each study, including their specific target trial, risk of bias for each separate domain and the overall risk of bias, will be presented in the final report of the review.
Measures of treatment effect
For dichotomous outcomes (e.g. death and graft failure after one, five and 10 years of transplantation) results will be expressed as risk ratios (RR) with 95% confidence intervals (CI). Where continuous scales of measurement are used to assess the effects of treatment (e.g. kidney function and quality of life after one, five and 10 years of transplantation), the mean difference (MD) will be used, or the standardised mean difference (SMD) if different scales have been used.
For time-to-event outcomes (e.g. time to death and/or graft failure for the available follow-up in the study) results will be expressed as a hazard ratio (HR) with 95% CI. In case that HR and/or CI are not reported, the methods developed by Parmar 1998 and Williamson 1998 will be used to extract the relevant information for estimating them whenever possible. It is worth noting that these methods were developed for RCTs, where confounding is not a major concern given that the treatment is assigned randomly. As this is not the case for observational studies, adjusting for confounding factors becomes crucial for the causal effect estimate. When the study provides both crude and adjusted treatment effect estimates, both will be included, as they will shed light on any confounder bias. Differences in the causal effect estimate can arise when assessing different populations, as the joint distribution of their covariates may vary. Moreover, differences can be seen when adjusting for different subsets of confounders and/or using different adjusting methods. Therefore the marginal effect measured is expected to differ if the covariates adjusted for differ or different approaches of dealing with confounding are used, for instance when dealing with time-varying confounding. If and when possible, we would aim to generate directly standardized risks referring to a common underlying confounder distribution at baseline, following the list of the minimum set of confounders previously presented (Table  2 ). In any case, the adjusted estimate will be preferred over the crude estimate and we will have to rely on the choice of covariates and methods for adjustment chosen by the authors and aim to be explicit what the adjusted effect is exactly measuring. When HR change over time, it is inappropriate to report an average HR, as the estimate would depend on the time of follow-up ( Hernan 2010). Therefore, if the proportional hazards assumption is violated, the follow-up will be divided into epochs to make an average estimate of the HR within epochs.
Unit of analysis issues
Non-standard designs are not expected for this review.
Dealing with missing data
Any further information required from the original author will be requested by written correspondence (e.g. emailing corresponding author) and any relevant information obtained in this manner will be included in the review. Evaluation of important numerical data such as screened, randomised patients as well as intentionto-treat, as-treated and per-protocol population will be carefully performed. Attrition rates, for example drop-outs, losses to followup and withdrawals will be investigated. Issues of missing data and imputation methods (for example, last-observation-carriedforward) will be critically appraised (Higgins 2011).
Assessment of heterogeneity
We will first assess the heterogeneity by visual inspection of the forest plot. We will quantify statistical heterogeneity using the I 2 statistic, which describes the percentage of total variation across studies that is due to heterogeneity rather than sampling error (Higgins 2003). The importance of the observed value of I 2 depends on the magnitude and direction of treatment effects and the strength of evidence for heterogeneity (e.g. P-value from the Chi 2 test, or a confidence interval for I 2 ) (Higgins 2011).
Assessment of reporting biases
If possible, funnel plots will be used to assess for the potential existence of small study bias (Higgins 2011).
Data synthesis
We will report our findings separately by donor source (living versus cadaveric). If we consider that the studies are similar in terms of participants, interventions, comparators and outcomes then a meta-analysis will be performed. Data will be combined across studies using the random-effects model considering that the intervention effect is not the same for all studies but rather follows a distribution across the studies. However, the fixed-effect model will also be used to ensure robustness of results to the model chosen and susceptibility to outliers.
Subgroup analysis and investigation of heterogeneity
Subgroup analyses will be performed to explore possible sources of heterogeneity (e.g. RCT versus non-RCT, adult versus children). Crude versus adjusted estimates and the nature of covariates adjusted for will also be compared, given that they could vary from study to study. Heterogeneity in treatment effects could be related to previous type of dialysis (for those in the transplantation after dialysis arm) and duration of dialysis (for both groups, as there could be differences in definitions of pre-emptive kidney transplantation between studies, allowing for short-term dialysis versus no time in dialysis at all). Differences may also arise from different starting points of follow-up (date of transplantation in both groups versus onset of dialysis in the dialysis followed by transplantation arm), the duration of the follow-up (particularly if there are time-varying hazards), inclusion criteria for transplant recipients, quality of the study and adjusting for different confounding factors. Additional sources of heterogeneity include differences in the population in terms of covariates (e.g. age and underlying kidney disease) and organ availability in the setting where the study was carried out.
Sensitivity analysis
We will perform sensitivity analyses to explore the robustness of the findings to the following factors:
• Repeating the analysis excluding unpublished studies • Repeating the analysis taking account of risk of bias, excluding RCTs with high risk of bias or non-randomised studies with serious or critical risk of bias
• Repeating the analysis excluding any very long or large studies to establish how much they dominate the results • Repeating the analysis excluding studies using the following filters: diagnostic criteria, language of publication, source of funding (industry versus other), and country • Repeating the analysis excluding studies that differ in the choice of covariates on which they adjusted for, taking into account the most frequent covariates that studies include as confounders as the minimum required.
'Summary of findings' tables
We will present the main results of the review in 'Summary of findings' tables. These tables present key information concerning the quality of the evidence, the magnitude of the effects of the interventions examined, and the sum of the available data for the main outcomes (Schünemann 2011a). The 'Summary of findings' tables also include an overall grading of the evidence related to each of the main outcomes using the GRADE (Grades of Recommendation, Assessment, Development and Evaluation) approach (GRADE 2008; GRADE 2011). The GRADE approach defines the quality of a body of evidence as the extent to which one can be confident that an estimate of effect or association is close to the true quantity of specific interest. The quality of a body of evidence involves consideration of within-trial risk of bias (methodological quality), directness of evidence, heterogeneity, precision of effect estimates and risk of publication bias (Schünemann 2011b). A 'Summary of findings' table will be presented for each of the outcomes assessed (death (all causes), graft survival, death-censored graft survival, kidney function and quality of life), separating by type of donor (deceased versus living donor).
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